Introduction
============

Thyroid cancer constitutes 1% of all human cancers and is the most frequent endocrine neoplasm. Papillary thyroid carcinoma is the most prevalent cancer of thyroid accounting for 75-85% of all thyroid cancers ([@B1]).

Tumor recurrence occurs in 5-20% of all papillary thyroid carcinoma and usually results from inadequate treatment or aggressive histology. It sometimes happen 20 years after initial diagnosis ([@B2]). Distant metastasis usually happens in 10-15% of all papillary thyroid carcinoma and reduces 10 years survival to 40 % ([@B3]).

Genetic alterations like point mutation in BRAF lead to an aggressive course and a more invasive form of papillary thyroid carcinoma in more than 70% of cases. Other gene mutations like RAS and structural changes including insertion/deletion and translocations of RET, PAX8/PPAR have been determined to play a role in clinical course of papillary thyroid carcinoma ([@B4]-[@B6]). In recent decade proto-oncogene effect of wnt/ β-catenin pathway and its role in human cancers have been determined ([@B7]-[@B10]). Role of β-catenin in propagation, renewal and regeneration of epithelial tumors have also been highlighted.

Thyroid cancers have different clinical course in such a way that some of them require surgical treatment and radioiodine therapy once while others may need several courses of surgical treatment and radioiodine therapy due to disease recurrence. On the other hand, with respect to lack of β-catenin overexpression in 33% of papillary thyroid carcinoma and possible role of radioiodine exposure in aggressive behavior of thyroid cancer, this question strikes mind whether β-catenin plays a role in recurrence, clinical course and prognosis of papillary thyroid carcinoma.

Material and Method Tumor Specimens
===================================

We selected 63 patients with the diagnosis of papillary thyroid carcinoma from 2009 to 2015 in an endocrine research center and obtained their paraffin blocks from pathology ward. Patients clinical data such as number of surgeries, number of radioiodine therapies, cumulative dose radioiodine were retrieved from medical files. All histologic sections were reviewed by two separate pathologists to confirm the diagnosis and reevaluate histologic subtype, tumor grade, multifocality, encapsulation, capsular invasion, extrathyroid extension, lymphovascular invasion, lymph node involvement, distant metastasis, additional pathologic findings and tumor stage based on American Joint Commission on Cancer 7^th^ edition.

**Immunohistochemistry**

Paraffin blocks were cut into 4µm sections and were deparaffinized in for 15 min. A 3% hydrogen peroxide was utilized for blocking endogenous peroxide activity. Subsequently, antigen retrieval was fulfilled by using EDTA buffer (pH=8). Then sections were incubated with ready to use monoclonal antibody reactive with β-catenin for 1 hour. Envision secondary antibody was used to react with 3,3-diaminobenzidine (DAB) to visualize immunostain.

**Marker Scoring**

Β-Catenin immunoreactivity with membrane, cytoplasm and nucleus were evaluated separately. A histological score (H score) was defined for membranous staining which was calculated multiplying percent of stained cells by the intensity of staining (0= no stain, 1+=weak but detectable, 2+=distinct, 3+= intense). Cytoplasmic β-catenin staining was scored as nil, mild, moderate and severe. Nuclear β-catenin staining was simply reported as negative versus positive ([@B11]). Due to paucity of tumor cells with cytoplasmic and nuclear β-catenin reaction, H score system was not applied for these variables. Memberanous staining of normal follicular epithelial cells of thyroid gland was considered as internal control and stromal cells' reaction in the background was considered as non-specific reaction. In addition, a case of fibromatosis was also used as the positive control in each immunohistochemistery run ro reaasure the correct procedure and lack of inhibibitors.

**Statistical Analysis**

Β-Catenin cytoplasmic and nuclear immunostaining were regarded as categorical data , thus chi square, fisher exact test and one way ANOVA or its equivalent for non-parametric variables, Kruskal Wallis test, were used to analyze relevant data. On the other hand, β -catenin immunoreactivity was considered as a continuous numerical variable, therefore student t test, one way analysis of variance and Pearson correlations were applied for statistical assessment. Commercially available statistic software, SPSS version 15, was utilized to perform statistical analysis. P value less than 0.05 was considered to be statistically significant.

Results
=======

In the 63 papillary thyroid carcinoma cases, female predominance with male to female ratio of 1:6.8. Classic papillary thyroid carcinoma was the most frequent histological subtype (73%) followed by follicular variant (11.1%), papillary microcarcinoma (6.3%), solid variant (4.8%), oncocytic type (3.2%), and tall cell variant (1.6%). Most of them fell in well differentiated category (77.8%) and the remaining were poorly differentiated ([table 1](#T1){ref-type="table"}).

###### 

Frequencies of demographic and other variables

  **Variable**                                            **Frequency**                   
  ------------------------------------------------------- ------------------------------- -------------------------------
  **sex**                                                 Male (12.7%)                    Female (87.3%)
  **Histologic subtype of papillary thyroid carcinoma**   Classic (73%)                   Non-classic (27%)
  **Tumor differentiation**                               Well differentiated (77.8%)     Poorly differentiated (22.3%)
  **Concomitant non-neoplastic finding**                  Hashimoto thyroiditis (38.1%)   Nodular goiter (34.9%)

In terms of β-catenin membranous immunoreactivity, there was a significant correlation between loss of membranous stain and number of tumor recurrences (*P*=0.023, Pearson correlation=-0.285). There was a similar trend between number of surgeries and loss of β -catenin membranous stain intensity (*P*=0.03, Pearson correlation = -0.365). The correlation was also similarly significant between cumulative dose of radioiodine required for post-operative treatment and the loss of membranous β-catenin immunoreactivity (*P*=0.046, Pearson correlation= 0.253). There was a significant relationship between some histopatholgic parameters and memberanous staining of β-catenin which are summarized in [table 1](#T1){ref-type="table"}. This relationship was not significant for tumor size, histopathologic subtype and non-tumoral concomitant pathologic findings.

###### 

β-Catenin memberanous immunoreactivity relationship with prognostic histopathologic parameters.

  **Histopathologic Parameter**   β**-Catenin membranous immunoreactinity( H score mean ±SD in paranthesis)**   **P value**                             
  ------------------------------- ----------------------------------------------------------------------------- --------------------------------------- -------------
  **Nodal Involvement**           Yes ( 133.5±45.7)                                                             No( 175.4±29.8)                         *P*\< 0.001
  **Metastasis**                  Yes ( 102±21.6)                                                               No ( 161.5±40.9)                        *P*=0.002
  **Lymphovascular invasion**     Yes (139.2±43.7)                                                              No (170.8±37.1)                         *P*=0.003
  **Tumor differentiation**       Well differentiated tumor(168.7±29.5)                                         Poorly differentiated tumor(115±55.8)   *P*\<0.001

With regard to cytoplasmic β-catenin immunostainig, there was significant statistical relationship between intensity of β -catenin cytoplasmic immunoreactivity and number of surgeries (0.005) number of recurrences (*P*=0.008) number of involved lymph nodes (*P*=0.003) distant metastasis (*P*\<0.001) and tumor dedifferentiation (*P*=0.005).

None of the cases showed true nuclear staining for β-catenin, however nuclear pseudoinclusions were remarkably immunoreactive for β-catenin in several cases. No significant relationship between this pattern of staining and clinicopathologic parameters was found.
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Discussion
==========

In this study, there was a female to male predominance. Classic papillary thyroid carcinoma was the most frequent subtype followed by follicular variant, papillary microcarcinoma, solid type, oncocytic and tall cell variants. Loss of memberanous β-catenin imunoreactivity was correlated with number of recurrences, number of surgeries and cumulative dose of radioiodine. There was a significant relationship between loss of memberanous β-catenin staining and histopathologic parameters like lymphovascular invasion, lymph node involvement, distant metastasis, and tumor dedifferentiation. Cytoplasmic β-catenin immunostaining nearly led to similar results.

Wnt signaling pathway consists of three different components: one canonical or β-catenin dependent on and two β-catenin independent ones. The former, Wnt/ β-catenin, plays an important role in cancer initiation and propagation. β-catenin is normally localized in cell adherens junctions which are bound to E cadherin ([@B12]-[@B14]). When Wnt pathway is activated, β-catenin is released and accumulates in cytoplasm, then it can enter the nucleus and regulate genes involved in proliferation such as cyclin D1 and c-myc ([@B15]).

In this study, loss of membranous β-catenin and cytoplasmic accumulation was significantly associated with clinical and histopathologic prognostic factors such as number of recurrences, lymph node involvement and distant metastasis. No significant nuclear staining was detectable in this study. Thus it could be concluded that initial part of β-catenin pathway, E-cadherin bound part, plays a more remarkable role in papillary thyroid cancer progression. Cellular discohesiveness is underlying cause of cancer dissemination. On the other hand E-cadherin and β-catenin binding is important in cell to cell adhesion. Logically, the loss of this complex leads o cancer propagation. In a recent survey by Zhang et al, β-catenin expression was higher in nodal metastasis compared to primary tumors, however this difference did not reach a statistical significant level ([@B16]). In a study which was conducted by Gracia-Rostan et al, it was showed that memberanous β-catenin was significantly lower in thyroid carcinomas comparing to benign thyroid lesions such as follicular adenomas. Similarly, they observed that loss of memberanous β-catenin was associated with tumor dedifferentiation ([@B11]). Membranous H-score in their study for well differentiated carcinoma (199 ± 90) was higher comparing to poorly differentiated carcinoma (114 ± 70). Although, their H score for well differentiated carcinoma was higher comparing to present study (168), this score for poorly differentiated carcinoma was close to current study (115) and both of them showed a significant reduction of the memberanous β-catenin H score during transition of thyroid carcinoma from a well differentiated tumor to a poorly differentiated neoplasm.

Present study findings exhibited loss of membrane β-catenin staining in poorly differentiated tumor and lack of nuclear staining in any of them. In a recent study by Sethi K et al, it was claimed β-catenin could be a diagnostic and prognostic factor for papillary thyroid carcinoma ([@B17]). In a recent study by Rossi et al, it was observed that HBME-1 and Galectin-3 were expressed in poorly differentiated thyroid carcinomas, they also found that β-catenindid not express in thyroid tumors without differentiation and it was associated with vascular invasion, distant metastasis and higher mortality.Their findings implied to β-catenin prognostic significance ([@B18]). Present study findings supported prognostic role of β-catenin but did not suggest its diagnostic utility with exception of its typical pseudoinclusion staining pattern in some cases.

Number of recurrences and subsequent requirement for surgery and radioiodine therapy are considered to be clinical indicators of a papillary thyroid carcinoma behavior. Recurrent disease necessitates reoperation with multiple radioiodine ablative therapy with I^131^ ([@B19]-[@B20]).Specific biomarker evaluation in lymphatic invasion could predict future papillary thyroid carcinoma recurrences and allow its prevention by applying more aggressive surgery and radiotherapy at the beginning of disease ([@B21]-[@B22]). There was a significant association between membranous β-catenin loss, then its cytoplasmic accumulation and number of recurrences, number of surgeries and cumulative dose of radioiodine in present study. With regard to radioiodine therapy, its exact role is not determined whether loss of β-catenin demands more doses of radioiodine or its higher cumulative dose could reduce expression of β-catenin. In a cohort study by Zalboska B et al it was revealed that external and internal exposure to radioiodine per se could lead to papillary thyroid carcinoma ([@B23]). Thus it is recommended that to design a study in order to evaluate radioiodine exposure impact on β-catenin expression. In conclusion, loss of membranous β-catenin immunostainig and its accumulation in cytoplasm led to aggressive clinicopathologic behavior especially more recurrences, lymphovascular invasion, lymph node involvement and distant metastasis. Although there was a significant statistical relationship between β-catenin immunoreactivity and radioiodine exposure, their exact interaction remained to be determined in future.
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